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(57) R, G and B LEDs (38R, 38G and 38B) are used 
as a light source of an electronic flash. Electric energy 
Is supplied to a capacitor (44) to the LEDs (38R, 38G 
and 38B). Asystem controller (52) controls light emitting 
amounts of the LEDs (38R, 38G and38B) sothatacolor 



temperature of the electronic flash light becomes a color 
temperature that has been manually set with a color 
temperature setting switch (28) or a color temperature 
of a light source determined by color temperature sen- 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates generally to an 
electronic flash, an electronic camera, and a light emit- 
ting head. The present invention relates more particu- 
larly to an electronic flash using light-emitting devices 
such as light emitting diodes (LEDs), an electronic cam- 
era and a light emitting head. 

Description of the Related Art 

[0002] An electronic flash of a camera has a xenon 
tube as a light source. 

[0003] There have been hlgh-lumlnance LEDs that 
emit red, green, amber, yellow, and milky-white lights, 
and a high-luminance blue LEDs has been used. These 
LEDs are mainly used as Indicators of various appara- 
tuses. 

[0004] However, when an electronic flash is used to 
perform back light correction for the sun light in the 
morning or evening, the colors of the picture can be un- 
natural since the spectral characteristics of the xenon 
tube are close to those of the daylight. Also, the elec- 
tronic flash with the xenon tube can emit the light for 
only a few milliseconds, and It can not be used for slow 
shutter speeds. 

SUMMARY OF THE INVENTION 

[0005] In view of the foregoing, It is an object of the 
present invention to provide a new electronic flash of a 
camera using LEDs. 

[0006] It is an object of the present invention to pro- 
vide an electronic flash of a camera and an electronic 
camera that manually or automatically changes a color 
temperature of an electronic flash light to prevent unnat- 
ural colors of a picture. 

[0007] It is an object of the present invention to pro- 
vide a light emitting head that can be applied to an elec- 
tronic flash with light emitting devices such as LEDs. 
[0008] To achieve the above-mentioned object, the 
present invention is directed to an electronic flash of a 
camera, comprising: an electronic flash light source 
comprising a light emitting diode; and a light emission 
control device that makes the electronic flash light 
source emit light by supplying electric energy to the light 
emitting diode. 

[0009] The electronic flash light source preferably 
comprises R, G and B light emitting diodes. 
[0010] Preferably, the electronic flash further compris- 
es a color temperature setting device that manually sets 
a color temperature of the light emitted from the elec- 
tronic flash light source, wherein the light emission con- 
trol device controls ratios between light emission 



amounts of the R, G and B light emitting diodes so that 
a color temperature of the light emitted from the elec- 
tronic flash light source becomes the color temperature 
set by the color temperature setting device. 

s [0011] Preferably.theelectronicflashfurthercompris- 
es a color temperature determining device that deter- 
mines a color temperature of subject light, wherein the 
light emission control device controls ratios between 
light emission amounts of the R, G and B light emitting 

w diodes so that a color temperature of the light emitted 
from the electronic flash light source becomes the color 
temperature determined by the color temperature deter- 
mining device. Thus, the color temperature of the elec- 
tronic flash light can be automatically controlled to that 

»s of the subject light, and this can prevent u nnatural colors 
of the picture. 

[0012] Preferably, theelectronicflashfurther compris- 
es a capacitor with a large capacity that is charged by 
a battery, wherein the light emission control device sup- 

20 plies the electric energy from the capacitor to the light 
emitting diode. Thus, the electric energy can be ob- 
tained with the small battery. In addition, fall of the volt- 
age of the battery can be prevented at the light emission, 
and misoperatlon of the other circuits can be prevented. 

25 [0013] Preferably.theelectronicflashfurthercompris- 
es a temperature sensor that determines a peripheral 
temperature of the light emitting diode, wherein the light 
emission control device controls the electric energy to 
obtain a desired light emission amount according to the 

so peripheral temperature determined by the temperature 
sensor. Though the light emitting diodes change the light 
emitting amounts due to their peripheral temperature, 
the desired light emission amount can still be obtained. 
[0014] To achieve the above-mentioned object, the 

35 present invention is directed to an electronic flash of a 
camera, comprising: an electronic flash light source that 
emits electronic flash light; and an adjusting device that 
adjust a color temperature of the electronic flash light 
emitted from the electronic flash light source. 

40 [0015] Preferably, the adjusting device comprises a 
color temperature setting device that manually sets a 
color temperature of the electronic flash light; and a light 
emission control device that controls a color tempera- 
ture of the electronic flash light to the color temperature 

45 set by the color temperature setting device. 

[0016] Preferably, the adjusting device comprises a 
color temperature determining device that determines a 
color temperature of subject light; and a light emission 
control device that controls a color temperature of the 

so electronic flash light to the color temperature deter- 
mined by the color temperature determining device. 
[0017] Preferably, the color temperature determining 
device has determining devices that convert color com- 
ponents of the subject light Into electric signals and de- 

55 termines the color temperature of the subject light ac- 
cording to a ratio between determination signals of the 
determining devices. The determining devices may be 
red and blue determining devices or red, green and blue 
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determining devices. 

[001 8] The color temperature determining device can 
determine the color temperature of the light source ac- 
cording to color image signals of a subject Image cap- 
tured by imaging devices of the camera. The imaging 
devices of the camera can be also used as a part of the 
color temperature determining device. 
[0019] Preferably, the electronic flash light source is 
R, G and B light emitting devices and light emitting 
amounts from the R, G and B light emitting devices can 
be separately controlled. The R, G and B light emitting 
devices can be light emitting diodes, organic electrolu- 
minescences or plasma light emitting devices. 
[0020] Preferably, the electronic flash further compris- 
es a capacitor with a large capacity that is charged by 
a battery, and the adjusting device supplies the electric 
energy from the capacitor to the light emitting devices. 
[0021] Preferably, theelectronlcflashfurthercompris- 
es a temperature sensor that determines a peripheral 
temperature of the light emitting diodes, and the adjust- 
ing device controls the electric energy to obtain a de- 
sired light emission amount according to the peripheral 
temperature determined by the temperature sensor. 
[0022] Preferably, the adjusting device adjusts the 
colortemperature of the electronic flash light by control- 
ling a ratio between the light emitting amounts from the 
R, G and B light emitting devices. 
[0023] The adjusting device can control the ratio be- 
tween the light emitting amounts from the R, G and B 
light emitting devices by separately turning on and off 
the R, G and B light emitting devices. 
[0024] Preferably, the adjusting device comprises a 
light adjusting sensor that determines one of an amount 
of reflected light from a subject emitted from one of the 
R, G and B light emitting devices of which light emitting 
amount is smallest among the R, G and B light emitting 
devices and an amount of reflected llghtfrom the subject 
emitted from the R, G and B light emitting devices; a first 
light emission controlling device that stops light emis- 
sion of the one of the R, G and B light emitting devices 
when the one of the amounts determined by the light 
adjusting sensor reaches a predetermined reference 
value according to the ratios between the light emitting 
amounts from the R, G and B light emitting devices; a 
measuring device that measures a light emitting time of 
the one of the R, G and B light emitting devices; a cal- 
culating device that calculates light emitting times of oth- 
ers of the R, G and B light emitting devices according to 
the light emitting time measured by the measuring de- 
vice and the ratios between the light emitting amounts 
from the R, G and B light emitting devices; and a second 
light emission controlling device that stops light emis- 
sion of the others of the R, G and B light emitting devices 
according to the light emitting times calculated by the 
calculating device. The light emitting amount (light emit- 
ting time) of the light emitting devices with the smallest 
light emitting amount Is controlled according to the 
amount determined by the light adjusting sensor. The 



light emitting times of the other light emitting devices are 
calculated according to the light emitting time and the 
ratio between the light emitting amounts from the R, G 
and B light emitting devices, 
s [0025] Preferably, the adjusting device comprises a 
device that turns on and off the R, G and B light emitting 
devices with duty ratios corresponding to the ratios be- 
tween the light emitting amounts from the R, G and B 
light emitting devices; a light adjusting sensor that de- 
io termines an amount of reflected light from a subject 
emitted from the R, G and B light emitting devices; and 
a light emission controlling device that stops light emis- 
sion of the R, G and B light emitting devices when the 
amount determined by the light adjusting sensor reach- 
's es a predetermined reference value. 

[0026] The adjusting device may comprise a device 
that turns on and off R, G and B light emitting devices 
of numbers according to the ratios between the light 
emitting amounts from the R, G and B light emitting de- 
20 vices; a light adjusting sensor that determines an 
amount of reflected light from a subject emitted from the 
R, G and B light emitting devices; and a light emission 
controlling device that stops light emission of the R, G 
and B light emitting devices when the amount deter- 
25 mined by the light adjusting sensor reaches a predeter- 
mined reference value. 

[0027] Preferably, the electronic flash light source 
comprises: a white light source that emits white elec- 
tronic flash light; and color filters that are arrangeo mov- 

30 ably in front of the white light source, wherein the ad- 
Justing device adjusts the colortemperature of the elec- 
tronic flash light by moving at least one of the color filters 
in front of the white light source. 
[0028] To achieve the above-mentioned object, the 

35 present invention is directed to an electronic camera 
that stores cotor Image signals of a subject Image cap- 
tured with a taking lens and an imaging device, the elec- 
tronic camera comprising: a color temperature deter- 
mining device that determines a color temperature of 

w subject light before a shooting; an electronic flash light 
source that emits electronic flash light; an automatic 
white balance correcting device that corrects a white 
balance of the color Image signals according to the color 
temperature determined by the color temperature deter- 

45 mining device at the shooting Irrespective of light emis- 
sion of the electronic flash light source; and an adjusting 
device that adjusts a color temperature of the electronic 
flash light to the color temperature determined by the 
color temperature determining device. 

50 [0029] The electronic camera emits the light with the 
color temperature that is the same as the color temper- 
ature of the subject light source, and the white balance 
Is corrected according to the color temperature of the 
subject light source. The conventional electronic cam- 

55 era corrects the white balance no matter what the color 
temperature of the subject light source is. 
[0030] To achieve the above-mentioned object, the 
present invention Is directed to an electronic camera 
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that stores color Image signals of a subject image cap- 
tured with a taking lens and an Imaging device, the elec- 
tronic camera comprising: a color temperature deter- 
mining device that determines a color temperature of 
subject lig ht; a recording device that records at least one 5 
color temperature determined by the color temperature 
determining device; a designating device that reads the 
color temperature recorded in the recording device; an 
automatic white balance correcting device that corrects 
a white balance of the color Image signals according to io 
the color temperature read by the designating device; 
an electronic flash lightsource that emits electronic flash 
light; and an adjusting device that adjusts a color tem- 
perature of the electronic flash light to the color temper- 
ature read by the designating device. For example, the '5 
user records color temperatures of a spotlight of a cer- 
emonial hall, a ceiling light and a studio light, and reads 
one of the color temperatures so that the electronic flash 
emits the light with the read color temperature, and the 
white balance is corrected according to the color tern- 20 
perature. 

[0031] The color temperature determining device can 
determine the color temperature of the subject light from 
the color image signals of the subject image captured 
with the taking lens and the imaging device. 25 
[0032] To achieve the above-mentioned object, the 
present invention Is directed to a an optical member that 
Is one of a polygonal prism and a cylinder; a light emit- 
ting device array provided on a side of the optical mem- 
ber; and a reflecting mirror provided on at least a bottom 30 
of the optical member, wherein the light emitting device 
array emits light out of the optical member through atop 
of the optical member. 

BRIEF DESCRIPTION OF THE DRAWINGS 35 

[0033] The nature of this invention, as well as other 
objects and advantages thereof, will be explained in the 
following with reference to the accompanying drawings, 
in which like reference characters designate the same <o 
or similar parts throughout the figures and wherein: 

Fig. 1 is a perspective view of an electronic flash of 
a camera of a first embodiment according to the 
present invention; 45 
Fig. 2 is a back view of the electronic flash in Fig. 1 ; 
F|gs. 3(A) and 3(B) are views showing a light source 
part of a light-emitting part In Fig. 1 ; 
F|g. 4 is a block diagram of the electronic flash in 
Fig. 1; » 
Figs. 5(A), 5(B), 5(C), 5(D), 5(E), 5(F) and 5(G) are 
timing charts showing an operation of a system con- 
troller in Fig. 3; 

Fig. 6 is a circuit diagram showing another method 
of controlling light emitting amounts of LEDs; ss 
Fig. 7 is a timing chart showing a color temperature 
controlling method in which light emitting times of 
the LEDs are separately controlled; 



Fig. 8 is a timing chart showing a color temperature 
controlling method In which a duty ratio of the LEDs 
is controlled; 

Fig. 9 is a block diagram showing a second embod- 
iment of an electronic flash of the camera according 
to the present Invention; 

Fig. 1 0 Is a block diagram showing a third embodi- 
ment of an electronic flash of the camera according 
to the present invention; 

F|g. 1 1 1s a block diagram showing a fourth embod- 
iment of an electronic flash of the camera according 
to the present invention; 

Fig. 12 is a back view of an electronic camera that 
can adjust a color temperature of an electronic flash 
light according to the present invention; 
Fig. 13 is a block diagram showing an Inner struc- 
ture of the electronic camera in Fig. 1 2; 
Fig. 1 4 is a block diagram of an electronic flash that 
Is bu lit in or attached to the electronic camera in Fig. 
12; and 

Fig. 1 5 is a perspective view of a diode light emitting 
head according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0034] This Invention will be described in further detail 
byway of example with reference to the accompanying 
drawings. 

[0035] Fig. 1 is a perspective view of an electronic 
flash 10 for a camera of a first embodiment according 
to the present invention. 

[0036] The electronic flash 1 0 is composed of a body 
20 with a hot shoe 22 on its bottom and a light-emitting 
part 30. 

[0037] Color temperature sensors 24 (photo sensors 
24R, 24G and 24B with R, G and B filters) for measuring 
a color temperature of subject light are provided on the 
front of the body 20. A switch 26 for choosing a manual 
mode or an automatic mode and a color temperature 
setting switch 28 are provided on the side of the body 
20. In the manual mode, a user manually sets a color 
temperature of an electronic flash light with a color tem- 
perature setting switch 28. In the automatic mode, the 
color temperature of the electronic flash light is automat- 
ically set. 

[0038] A reference numeral 32 denotes a Fresnel lens 
of the light-emitting part 30, and a reference numeral 34 
denotes a light-receiving sensor for adjusting the elec- 
tronic flash light. 

[0039] Fig. 2 Is a back view of the electronic flash 1 0. 
Color temperature recording switches 21 (21-1, 21-2 
and 21-3), Indicators L1 , L2 and L3 and a color temper- 
ature reading switch 23 are provided on the back of the 
electronic flash 10. When one of the color temperature 
recording switches 21 is pressed, the current color tem- 
perature of the subject light measured by the color tem- 
perature sensors 24 Is recorded in a nonvolatile memory 
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(EEPROM) 25 (see Fig. 4) of the electronicflash 10. The 
three color temperature recording switches 21 make it 
possible to record three color temperatures. 
[0040] Each time the color temperature reading 
switch 23 is pushed, one of the color temperatures re- 
corded with the color temperature recording switches 
21-1,21-2 and 21 -3 is read in order. The Indicators L1 , 
L2 and L3 correspond to the color temperature record- 
ing switches 21 -1 , 21 -2 and 21 -3, respectively, and one 
of the indicators L1 , L2 and L3 corresponding to the se- 
lected color temperature is turned on. The color temper- 
ature of the electronic flash light is adjusted to the read 
color temperature. 

[0041] Fig. 3(A) is a section of a light source part 36 
of the light-emitting part 30, and Fig. 3(B) is a front view 
of the light source part 36. 

[0042] The light source part 36 is composed of a re- 
flector 37, LEDs 38 (R, G and B LEDs 38R, 38G and 
38B) and a diffusion plate 39. The R, G and B LEDs 38R, 
38G and 38B are arranged to form an array as shown 
in Fig. 3(B). The diffusion plate 39 diffuses hkjh-dtrec- 
tivlty lights emitted from the LEDs 38. The numbers of 
the LEDs 38R. 38G and 38B does not need to be the 
same, and they are preferably arranged so that a white 
light is produced when all the LEDs 38 emit lights. 
[0043] Fig. 4 is a block diagram of the electronic flash 
10. 

[0044] The electronicflash 1 0 has a battery 40, a step- 
up transformer 42, a large-capacity capacitor 44, oper- 
ational amplifiers 46, 48 and 50, a system controller 52, 
a light adjusting circuit 54 and a temperature sensor 56 
as well as the color temperature recording switches 21 , 
the color temperature reading switch 23, the color tem- 
perature sensors 24, the EEPROM 25, the switch 26, 
the color temperature setting switch 28, the light-receiv- 
ing sensor 34 and the LEDs 38. 
[0045] The system controller 52 controls the electron- 
icflash 10, and makes the step-up transformed output 
the voltage of 1 0V from the voltage (for example, 6V) of 
the battery 40 In order to charge the capacitor 44 with 
the outputted voltage. The capacitor 44 is charged for 
two to five seconds, and can discharge to the LEDs 38 
for more than 1/60sec (approximately 16ms). 
[0046] The capacitor 44 discharges to the LEDs 38R, 
38G and 38B through the operational amplifiers 46, 48 
and 50, and the system controller 52 controls the oper- 
ational amplifiers 46, 48 and 50to control a light-emitting 
time and amount of the LEDs 38R, 38G and 38B. 
[0047] The system controller 52 receives a light-emit- 
ting signal from the camera through the hot shoe 22 (see 
Fig. 1) in synchronization with a shutter release, and re- 
ceives information (a guide number, etc.) for determin- 
ing the light-emitting amount in a serial communication. 
When the switch 26 is on the manual mode, the system 
controller 52 controls the color temperature of the elec- 
tronic flash light to that set with the color temperature 
setting switch 28. When the switch 26 is on the automat- 
ic mode, the system controller 52 controls the color tem- 



perature of the electronic flash light to that of the subject 
light determined by the color temperature sensors 24. 
The color temperature sensors 24 are not limited to 
those. They determine the color temperature of the sub- 
s ject light according to the ratio between the R, G and B 
components of the light, but they may do that according 
to the ratio between the R and B components of the lig ht. 
[0048] When one of the color temperature recording 
switches 21 is pushed, the system controller 52 records 

10 the current color temperature of the subject light deter- 
mined by the color temperature sensors 24 in the EEP- 
ROM 25. When one of the color temperature reading 
switches 23 is pushed, the system controller 52 reads 
the recorded color temperature, and controls the color 

»s temperatureoftheetectronlcflasri light to the read color 
temperature. For example, the user records color tem- 
peratures of a spotlight of a ceremonial hall, a celling 
light and a studio light with the color temperature sen- 
sors 24 in the EEPROM 25, and reads one of the color 

so temperatures with one of the color temperature reading 
switches 23 so that the electronic flash emits the light 
with the read color temperature. 
[0049] Since the light amounts of the LEDs change 
according to their peripheral temperature, a tempera- 

25 tore sensor 56 that determines the peripheral tempera- 
ture of the LEDs 38 is provided. The system controller 
52 controls the electric current to the LEDs 38 according 
to the peripheral temperature determined by the tem- 
perature sensor 56. 

30 [0050] The operation of the system controller 52 will 
now be explained with reference to timing charts of Figs. 
5(A), 5(B), 5(C), 5(D), 5(E), 5(F) and 5(G). 
[0051] On receiving an electronic flash signal (Fig. 5 

(A) ), the system controller 52 outputs a signal to the 
as step-up transformer 42 for starting the charging of the 

capacitor 44. When the charging is finished, the system 
controller 52 stops the step-up transformer 42 (Figs. 5 

(B) and 5(C)). 

[0052] When a shutter release button Is half pressed, 

40 the system controller 52 gets ready for the discharging 
(Fig. 5(D)) and receives the information (the guide 
number, etc.) for determining the light emitting amount. 
When the switch 26 Is on the automatic mode, the sys- 
tem controller 52 reads the color temperature of the sub- 

« ject light from one of the color temperature sensors 24. 
When the switch 26 is on the manual mode, the system 
controller 52 reads the manually-set color temperature 
corresponding to the operated color temperature read- 
ing switch 23 (Fig. 5(E)). 

so [0053] The system controller 52 determines the light 
emitting amount according to the received information, 
outputs a reference value for the light emitting amount 
to the light adjusting circuit 54, determines the ratio be- 
tween the light emitting amounts of the LEDs 38R, 38G 

ss and 38B according to the color temperature of the sub- 
ject light, and sets R, G and B light emitting levels from 
the ratio (Fig. 5(F)). 

[0054] When the shutter release button is fully 
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pressed, the system controller 52 receives the light emit- 
ting signal In synchronization with the shutter release 
and outputs the R, G and B light emitting levels to pos- 
itive-sequence input terminals of the operational ampli- 
fiers 46, 48 and 50. Signals that corresponds to electric 
currents to be sent to the LEDs 38R, 38G and 38B are 
Inputted to negative-sequence input terminals of the op- 
erational amplifiers 46, 48 and 50, and the operational 
amplifiers 46, 48 and 50 control the electric currents 
flowing through the LEDs 38R, 38G and 38B according 
to the R, G and B light emitting levels. 
[0055] The LEDs 38 emit the lights with the same 
color temperature as that of the subject light (Fig. 5(G)). 
[0056] The light adjusting circuit 54 determines the 
light emitting amount with the light-receiving sensor 34. 
When the light emitting amount reaches the reference 
value, the light adjusting circuit 54 outputs the light- 
emission stop signal to the system controller 52, which 
outputs a signal for stopping the light emission of the 
LEDs 38 to the operational amplifiers 46, 48 and 50. This 
turns off the electric currents flowing through the LEDs 
38 to stop the light emission of the LEDs 38. 
[0057] Fig. 6 Is a circuit diagram showing another 
method of controlling the light emitting amounts of the 
LEDs 38. 

[0058] The electric currents flow from the capacitor 44 
to the LEDs 38 through transistors 61, 62 and 63 and 
inductors 64, 65 and 66. 

[0039] A step-down transformer 60 receives signals 
Indicating R, G and B Hght-emtttlng levels, the light- 
emission signal In synchronization with the shutter re- 
lease, and the light-emission stop signal. After receiving 
the light-emission signal, the step-down transformer 60 
outputs pulses with a controlled duty ratio to bases of 
the transistors 61 , 62 and 63 so that the electric currents 
corresponding to the light-emitting levels flow through 
the LEDs 38 until receiving the light-emission stop sig- 
nal. 

[0060] The transistors 61 , 62 and 63 turn on and off 
due to the pulses, and pass the electric currents to the 
LEDs 38R, 38G and 38B through the Inductors 64, 65 
and 66 while they are on. While they are off, electric cur- 
rents flows to the LEDs 38R, 38G and 38B through di- 
odes 67, 68 and 69 due to induction electromotive forces 
of the inductors 64, 65 and 66. 
[0061] The step-down transformer 60 monitors the 
electric currents flowing through the LEDs 38, and ad- 
justs the duty ratio of the pulses inputted to the transis- 
tors 61 , 62 and 63 according to the light emitting levels. 
[0062] As shown In Fig. 7, light-emitting times of the 
LEDs 38R, 38G and 38B may be controlled for a desired 
ratio between the light-emitting amounts of the LEDs 38. 
[0063] When the ratio between the B, R and G light- 
emitting amounts (the same as the ratio between the 
light-emitting times, for convenience) is 1 :2:4, the LEDs 
38R, 38G and 38B start emitting the lights at one time, 
and the LEDs 38B stop emitting the lights a time t later, 
and the LEDs 38R stop emitting the lights a time 2t later, 



and the LEDs 38G stop emitting the lights a time 4t later. 
[0064] The time twill be explained. 
[0065] A reference value V re ,' is calculated by the fol- 
lowing equation 1 , 

5 

V^' ={3a/(a+b+c)} x equation 1 , 

wherein V rol is the reference value for adjusting 

10 the light-emission amounts and a:b:c (a<bsc) Is the ratio 
between the llght-emlttlng amounts. 
[0066] When the ratio a:b:c is 1 :2:4 as shown in Fig. 
7, the reference value V re / is (3/7) V raf . 
[0067] The LEDs 38R, 38G and 38B start emitting the 

15 lights at one time, and the light adjusting circuit 54 de- 
termines the light emission amount with the light-receiv- 
ing sensor 34. When the light emission amount reaches 
the reference value V ref ', the LEDs with the lowest Fight 
emission amount (the LEDs 38B in this case) stop emit- 

20 ting the lights, and the light emission time t Is measured. 
Then, the light emission times of the other LEDs accord- 
ing to the light emission time t and the ratio (a:b:c) are 
calculated. In case of the ratio 1 :2:4, the light emission 
time of the LEDs 38R is 2t, and the light emission time 

25 of the LEDs 38G Is 4t. In the embodiment, the light-re- 
ceiving sensor 34 that Is sensitive to all the R, G and B 
lights, but a light-receiving sensor that is sensitive only 
to the lights with the lowest light emission amount may 
be used. In this case, the number 3a in the equation 1 

30 )s replaced with the number a. 

[0068] Fig. 8 shows a case in which the duty ratios of 
the LEDs 38R, 38G and 38B are adjusted to control the 
color temperature of the electronic flash light (the ratio 
between the R, G and B light-emission amounts). 

3 s [0069] The duty ratios of the LEDs 38R.38G and 38B 
are determined so that the ratio between the total light- 
emitting times of the LEDs 38 Is the ratio between the 
R, G and B light emission amounts. 
[0070] The LEDs 38R, 38G and 38B start emitting the 

40 lights at one time, and end it at one time when the light 
emission amount reaches the desired amount. 
[0071] If each LED can be turned on and off, the num- 
bers of the LEDs 38R, 38G and 38Bto be turned on may 
be controlled. 

45 [0072] Fig. 9 Is a block diagram showing a second em- 
bodiment of an electronic flash 70 of the camera accord- 
ing to the present invention. 

[0073] Unlike the electronic flash 1 0 of the first em- 
bodiment, the electronic flash 70 does not adjust the 

50 color temperature and has only a milky-white LED 71. 
Switches S1 and S2 turn on and off with an electronic 
flash switch. When the switches S1 and S2 are turned 
on, a step-up transformer 73 outputs a voltage from that 
of a battery 72 to charge acapacitor 74. When the switch 

55 S1 Is turned on, an LED 75 for Indicating the charging 
Is turned on. When the voltage of the capacitor 74 reach- 
es a reference voltage Inputted to an operational ampli- 
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fler76, the charging Is finished and the LED 75 turns off. 
[0074] A switch S3 is a normally open switch, and It 
Is closed for an instant when the shutter release button 
is pushed. 

[0075] When the switch S3 is open, a capacitor 78 is 
charged to more than a predetermined voltage with a 
light-receiving sensor 77 for the light adjusting, and an 
operational amplifier 79 outputs an L-level signal to turn 
off a transistor 80. Thus, the electric current does not 
f lowthrough the LED 71 and it does not emit a light even 
when the capacitor 74 for the light emission has been 
charged. 

[0076] When the shutter release button Is pushed and 
the switch S3 Is closed, the capacitor 78 discharges and 
the operational amplifier 79 outputs an H-level signal to 
turn on the transistor 80. This allows the flow of electric 
current from the capacitor 74 to the LED71 , which emits 
the light. 

[0077] Then, the capacitor 78 Is charged with the light- 
receiving sensor 77 for the light adjusting. When the 
voltage of the capacitor 78 reaches that of a resistor 81 , 
the operational amplifier 79 outputs the L-level signal to 
turn off the transistor 80. This turns off the LED71 . 
[0078] A resistance of an adjustable resistor 82 can 
be adjusted according to the guide number, and this 
changes the voltage of the resistor 81 to adjust the light 
emission amount of the LED 71. A switch S4 that turns 
on with the shutter release button may be provided In- 
stead of an automatic electronic flash circuit (including 
the light-receiving sensor 77 for the light adjusting) 
which Is enclosed by a dashed line. 
[0079] Fig. 1 0 is a block diagram showing a third em- 
bodiment of an electronic flash 90 of the camera accord- 
ing to the present invention. 

[0080] Unlike the electronic flash 1 0 of the first em- 
bodiment, the electronic flash SO has an organic elec- 
troluminescence panel (organic EL panel) 91 . Parts that 
are the same as those In Fig. 4 are denoted by the same 
reference numerals, and they will not be explained In 
detail. 

[0081] The organic EL panel 91 is formed in such a 
manner that R organic ELs whose spectrum peak wave- 
length Is 600-740nm (red area), G organic ELs whose 
spectrum peak wavelength is 500-600nm (green area) 
and B organic ELs whose spectrum peak wavelength is 
380-500nm (blue area) are arranged In the same way 
as the LEDs 38 in Fig. 3(B). Light emitting brightnesses 
and times of the R, G and B organic ELs are controlled 
according to control signals inputted from the system 
controller 52. 

[0082] This enables the organic EL panel 91 to emit 
a light with the desired color temperature. 
[0083] A plasma light-emitting device panel in which 
plasma light-emitting devices are arranged as an array 
may be used Instead of the organic EL panel 91. The 
plasma light-emitting devices stimulates R, G and B flu- 
orescent materials by emitting ultraviolet rays to make 
them emit R, G and B lights. 



[0084] Fig. 1 1 is a block diagram showing a fourth em- 
bodiment of an electronic flash 92 of the camera accord- 
ing to the present invention. 

[0085] Unlike the electronic flash 10 of the first em- 
5 bodiment, the electronic flash 92 has a light source that 
can change the color temperature of the electronic flash 
light with color filters 94. Parts that are the same as 
those In Fig. 4 are denoted by the same reference nu- 
merals, and they will not be explained in detail. 
10 [008S] The light source is composed of a light emitting 
part 93 that emits a white light, the color filters 94 (an R 
filter 94R and a B filter 94B) and a filter driving motor 95. 
[0087] The color filters 94 are movably provided In 
front of the light emitting part 93, and a rack 94A is con- 
's nected to one end of the color filters 94. A pinion 95A 
engaged with the rack 94A Is fixed to a driving shaft of 
the filter driving motor 95. Driving the filter driving motor 
95 moves the color filters 94 vertically in Fig. 11 . 
[0088] The light source emits a light with the color 
20 temperature (5500-6000 degrees Kelvin) of the daytime 
sun when the light emitting part 93 is not covered as 
shown In Fig. 1 1 . When the R filter 94R covers the light 
emitting part 93, the light source emits a light with the 
color temperature (2000-3000 degrees Kelvin) of the ris- 
25 ing or setting sun. When the B filter 94B covers the light 
emitting part 93. the light source emits a light with the 
color temperature (10000-20000 degrees Kelvin) of the 
blue sky. 

[0089] When the color temperature of the electronic 

so flash light Is set automatically or manually, the system 
controller 52 controls the filter driving motor 95 to move 
the color filters 94 for the light with the color temperature 
that is the closest to the set color temperature. When 
the shutter release button Is fully pushed and the system 

35 controller 52 receives the light emission signal In syn- 
chronization with the shutter release, the system con- 
troller 52 outputs an electronic flash ON signal to the 
light emitting part 93 to emit the light. 
[0090] The light adjusting circuit 54 determines the 

40 right emission amount with the light-receiving sensor 34 
for the light adjusting. When the light emission amount 
reaches a reference value, the light adjusting circuit 54 
outputs an electronic flash OFF signal to the light emit- 
ting part 93 to stop the light emission. 

45 [0091] Fig. 1 2 Is a back view of an electronic camera 
100 that can adjust the color temperature of the elec- 
tronic flash light according to the present invention. 
[0092] The user rotates a mode dial 1 01 to set one of 
shooting modes including a manual shooting mode, an 

so automatic shooting mode and a person shooting mode. 
A shutter release button 102 Is provided in the center of 
the mode dial 101 . and the shutter release button 2 can 
be pushed half and fully. 

[0093] As shown In Fig. 12, an eyepiece 103, a shift 
55 key 104, a display key 105, a record mode/play mode 
switch 106, a cancel key 107, an execution key 108, a 
multifunction cross key 109 and a liquid crystal monitor 
152 are provided on the back of the digital camera. 
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[0094] Fig. 13 Is a block diagram showing the Inner 
structure of the electronic camera 100 In Fig. 12. 
[0095] A subject image formed on a light-receiving 
surface of a charge coupled device (CCD) 114 through 
a taking lens 110 and a diaphragm 112 is converted Into 
signal electric charges corresponding to the amount of 
an incident light by each sensor. The stored signal elec- 
tric charges are read out to shift registers with read gate 
pulses applied from a CCD driving circuit 116, and se- 
quentially read out as voltage signals corresponding to 
the signal electric charges with register transfer pulses. 
The CCD 114 has an electric shutter function for con- 
trolling the exposure time (shutter speed) by outputting 
the stored signal electric charges with shutter gate puls- 
es. 

[0096] The voltage signals are outputted from the 
CCD 114 to a correlative double sampling circuit (CDS 
circuit) 1 1 8, which samples and holds R, G and B signals 
of each pixel. The CDS circuit 1 1 8 outputs the R, G and 
B signals to an A/D converter 120, which converts the 
R, G and B signals into digital R, G and B signals and 
outputs the digital R, G and B signals. The CCD driving 
circuit 116, the CDS circuit 118 and the A/D converter 
120 are synchronized by timing signals outputted from 
a timing generator 122. 

[0097] The digital R, G and B signals outputted from 
the A/D converter 120 are temporarily stored in a mem- 
ory 1 24, and then outputted to a digital slg nal processing 
circuit 126. The digital signal processing circuit 126 
comprises a synchronizing circuit 128, a white balance 
adjusting circuit 130, a gamma correcting circuit 132, a 
YC signal producing circuit 134 and a memory 136. 
[0098] The synchronizing circuit 1 28 converts the dot- 
sequential R, G and B signals read from the memory 
1 24 Into synchronous R, G and B signals, which are out- 
putted to the white balance adjusting circuit 130. The 
white balance adjusting circuit 1 30 has multipliers 1 30R, 
1 30G and 130B that Increases or decreases digital val- 
ues of the R, G and B signals, and the R, G and B signals 
are Inputted to the multipliers 130R, 130G and 130B, 
respectively. White balance correction values (gains) 
Rg, Gg and Bg for adjusting the white balance are out- 
putted from a central processing unit (CPU) 138 to the 
multipliers 130R, 130G and 130B, respectively. Each of 
the multipliers 1 30R, 1 30G and 130B multiplies the cor- 
responding digital value and gain together, and the mul- 
tipliers 130R, 130G and 130B get R', G' and B' signals. 
The white balance adjusting circuit 130 outputs the R\ 
G' and B' signals to the gamma correcting circuit 132. 
The gains Rg, Gg and Bg will be later explained in detail. 
[0099] The gamma correcting circuit 32 corrects the 
R', G' and B' signals to R, G and B signals with desired 
gamma characteristic and outputs the R, G and B sig- 
nals to the YC signal producing circuit 134. The YC sig- 
nal producing circuit 134 produces luminance signals Y 
and chroma signals Cr and Cb (YC signals) from the R, 
G and B signals. The YC signals are stored In the mem- 
ory 136. 



[01 00] The YC signals are read from the memory 1 36 
and outputted from the liquid crystal monitor 1 52 so that 
a moving Image or a still image is displayed on the liquid 
crystal monitor 1 52. 
5 [0101] After the shooting, the YC signals are com- 
pressed with a predetermined format by the compress- 
ing/decompressing circuit 154, and the compressed im- 
age data is stored in a storage medium such as a mem- 
ory card by a storage part 1 56. In the reproducing mode, 

10 the Image data stored in the memory card or the like is 
decompressed, and the decompressed image data Is 
outputted to the liquid crystal monitor 152 so that the 
image is displayed on the liquid crystal monitor 152. 
[01 02] The CPU 1 38 controls the circuits according to 

'5 inputs from a camera control part 140 Including the 
mode dial 101, the shutter release button 102 and the 
cross key 109. The CPU 138 also controls automatic 
focusing, automatic exposure and automatic white bal- 
ance. For example, the automatic focusing is contrast 

so automatic focusing that moves the taking lens 110 
through a driving part 142 so that the high-frequency 
component of the G signal Is the maximum when the 
shutter release button 102 is half pressed. 
[0103] In the automatic exposure, the R, G and B sig- 

25 nals are read, and the subject brightness (exposure val- 
ues) is determined according to Integrated values of the 
R, G and B signals. The F-numberandthe shutter speed 
are determined from the exposure value. When the 
shutter release button 1 02 is fully pressed, the CPU 1 38 

30 drives the diaphragm 1 1 2 through a diaphragm driving 
part 144 for the determined F-number, and controls the 
exposure time for the determined shutter speed. Image 
data of one frame Is captured and processed, and then 
stored in the storage medium. 

35 [0104] The method ofcorrectJng the white balance will 
now be explained. 

[01 05] To manually correct the white balance, the user 
chooses the record mode with the record mode/play 
mode switch 1 06 and selects the manual shooting mode 

40 with the mode dial 1 01 . Then, the user pushes the exe- 
cution key 108 to display a menu for setting the white 
balance on the liquid crystal monitor 152 as shown in 
Fig. 12, and selects an icon (AUTO, icons showing sub- 
ject light sources, and M) with the cross key 109. When 

45 the Icon "AUTO" is selected, the color temperature of 
the subject light (the type of the subject light source) is 
measured and the white balance Is corrected according 
to the color temperature. When one of the icons showing 
the light sources is selected, the white balance is cor- 

50 rected according to the subject light source. When the 
icon "M" is selected, a recorded color temperature is 
read and the white balance is corrected according to the 
color temperature. 

[0106] The measurement of the color temperature of 
55 the subject light (the type of the subject light source) in 
the automatic shooting mode or when the icon "AUTO" 
is selected in the manual shooting mode will be ex- 
plained. 
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[0107] The image is divided Into multiple areas (8 by 
8), and an integrating circuit 148 in Fig. 13 calculates 
average values of the R, G and B signals In each area 
stored in the memory 124 and outputs them to the CPU 
138. Multipliers 150R, 150G and 150B are provided be- 
tween the integrating circuit 148 and the CPU 1 38, and 
gains are inputted to the multipliers 150R, 150G and 
150B. 

[0108] The CPU 138 determines the subject light 
source (daylight, shade-cloudiness, a fluorescent lamp, 
a tungsten lamp, or the like) according to the average 
values of the R, G and B signals In each area. Ratios R/ 
G and B/G between the average values of the R, G and 
B signals In each area are calculated, anddeterminatbn 
frames for the subject light sources are set on a co-or- 
dinate system with the ratio R/G as the x coordinate and 
the ratio B/G as the y coordinate. The number of areas 
in each determination frame is determined, and the sub- 
ject light sources Is determined according to the bright- 
ness level of the subject and the number of areas In each 
determlnatbn frame (see Japanese Patent Provisional 
Publication No. 2000-224608). The method of determin- 
ing the subject light source (color temperature) is not 
limited to this. 

[0109] After determining the subject light source, the 
CPU 138 determines the white balance correction val- 
ues (gains) Rg, Gg and Bg that are suitab le for the sub- 
ject light source and outputs them to the multipliers 
130R, 130G and 130B, respectively. The multipliers 
130R, 130G and 130B outputs the white-balanced R", 
G' and B' signals to the gamma correcting circuit 132. 
[0110] The digital signal processing circuit 126 cor- 
rects the white balance in the embodiment, but an ana- 
log signal processing including the CDS circuit 118 and 
a gain control amplifier (not shown) may do that. The 
ratios R/G and B/G are changed in the embodiment, but 
the chroma signals Cr and Cb may be changed. 
[0111] The method of controlling the electronic flash 
146 will now be explained. 

[01 12] Fig. 1 4 Is a block diag ram of the electronlcf lash 
146 that is built In or attached to the electronic camera 
1 00. Parts that are the same as those In Fig. 4 are de- 
noted by the same reference numerals, and they will not 
be explained. 

[0113] The electronic flash 146 is different from the 
electronic flash 1 0 of the first embodiment in that it does 
not have the color temperature sensors 24 for determin- 
ing the color temperature of the subject light source. The 
color temperature is determined according to the R, G 
and B signals obtained from the CCD 114. 
[01 1 4] The CPU 138 outputs the light-emission signal 
In synchronization with the shutter release and serial 
signals indicating the light emission amount and the 
color temperature of the electronic flash light to the sys- 
tem controller 52 of the electronic flash 146. 
[01 15] A conventional electronic camera prohibits the 
light emission In the manual white balance mode, so that 
the electronic flash light does not affect the manually- 



corrected white balance. However, the electronic cam- 
era 100 of the present Invention does not prohibit the 
light emission even In the manual white balance mode. 
[01 1 6] In addition, the conventional electronic camera 

5 does not perform either the automatic white balance cor- 
rection or the manual white balance correction, and ad- 
justs the white balance with the fixed gains according to 
the electronic flash light (the daylight) to perform a 
shooting with the electronic flash. However, the elec- 

10 tronlc camera 1 00 of the present Invention performs the 
automatic white balance correction or the manual white 
balance correction. 

[0117] The electronic camera 100 controls the elec- 
tronic flash 146 to emit the light with the automatically- 

15 measured color temperature of the subject light source 
in the automatic white balance mode. The electronic 
camera 1 00 controls the electronic flash 1 46 to emit the 
light with the manually-set color temperature In the man- 
ual white balance mode. 

20 [0118] Therefore, the electronic flash light does not 
affect the automatically or manually corrected white bal- 
ance. 

[0119] Rg. 15 is a perspective view of a light emitting 
head 190. 

2S [0120] The light emitting head 190 has a rectangular 
diffusion plate 192, and R, G and B LEDs 193R, 193G 
and 193B are provided on the four sides of the diffusion 
plate 192, and a dish-shaped reflecting mirror 194 Is ar- 
ranged on the bottom of the diffusion plate 192. Mirrors 

30 may be provided on parts of the sides of the diffusion 
plate 192 without the LEDs 193R, 193G and 193B to 
prevent lights from leaking through the sides. 
[0121] The LEDs 193R, 193G and 193B emit lights 
out of the diffusion plate 1 92 through its top. 

35 [0122] The number of the G LEDs 193G is larger than 
those of the R and B LEDs 193R and 193B to produce 
a white light A number of LEDs may be arranged on the 
sides of the diffusion plate 192. The diffusion plate 192 
does not necessarily have to be rectangular, and it may 

40 be a polygonal prism or a cylinder. A light guide member 
may be used instead of the diffusion plate 192, and a 
diffusion plate is provided only on its light emission sur- 
face. 

[0123] According to the present invention, since the 
« LEDs, the organic ELs or the plasma light-emitting de- 
vices are used as the electronic flash light source, the 
light-emission (brightness) level and the light emission 
time can be easily changed. In addition, since the R, G 
and B light-emitting devices are used, the color temper- 
so ature of the electronic flash light can be manually or au- 
tomatically changed. For example, back light correction 
for the sun light in the morning or evening can be per- 
formed according to the color temperature of the sun 
light, and this prevents unnatural colors of a picture due 
55 to the electronic flash light. 

[0124] Moreover, since the large-capacity capacitor is 
charged slowly and it discharges quickly, the electric en- 
ergy can be obtained with the small battery. Further- 
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more, fall of the voltage of the battery can be prevented 
at the light emission, and misoperation of the other cir- 
cuits can be prevented. 

[01 25] The LEDs or the like can continuously emit the 
lights for slow shutter speeds, and they can be used as 
a light source at the auto focus. 
[0126] It should be understood, however, that there Is 
no intention to limit the invention to the specific forms 
disclosed, but on the contrary, the invention is to cover 
all modifications, alternate constructions and equiva- 
lents falling within the spirit and scope of the Invention 
as expressed in the appended claims. 



device (21). 

5. The electronic flash (10) as defined in claim 1, fur- 
ther comprising: 

a capacitor (44) with a large capacity that is 
charged by a battery (40), 
wherein the light emission control device (52) 
supplies the electric energy from the capacitor 
io (44) to the light emitting diode (38). 

6. The electronic flash (1 0) as defined in claim 1 , fur- 
ther comprising: 



Claims is 

1. An electronic flash (10) of a camera, comprising: 

an electronic flash light source (36) comprising 
a light emitting diode (38); and so 
a light emission control device (52) that makes 
the electronic flash light source (36) emit light 
by supplying electric energy to the light emitting 
diode (38). 

25 

2. The electronic flash (10) as defined In claim 1, 
wherein the electronic flash light source (36) com- 
prises R, G and B light emitting diodes (38R, 38G 
and 38B). 

30 

3. The electronic flash (1 0) as defined in claim 2, fur- 
ther comprising: 

a color temperature setting device (28) that 
manually sets a color temperature of the light ss 
emitted from the electronic flash light source 
(36), 

wherein the light emission control device (52) 
controls ratios between light emission amounts 
of the R, G and B light emitting diodes (38R, 40 
38G and 38B) so that a color temperature of the 
light emitted from the electronic flash light 
source (36) becomes the color temperature set 
by the color temperature setting device (28). 

45 

4. The electronic flash (1 0) as defined in claim 2, fur- 
ther comprising: 

a color temperature determining device (21) 
that determines a color temperature of subject so 
light, 

wherein the light emission control device (52) 
controls ratios between light emission amounts 
of the R, G and B light emitting diodes (38R, 
38G and 38B) so that a color temperature of the ss 
light emitted from the electronic flash light 
source (36) becomes the color temperature de- 
termined by the color temperature determining 



a temperature sensor (56) that determines a 
peripheral temperature of the light emitting di- 
ode (38), 

wherein the light emission control device (52) 
controls the electric energy to obtain a desired 
light emission amount according to the periph- 
eral temperature determined by the tempera- 
ture sensor (56). 

7. An electronic flash (1 0) of a camera, comprising: 

an electronic flash light source (36) that emits 
electronic flash light; and 
an adjusting device that adjust a color temper- 
ature of the electronic flash light emitted from 
the electronic flash light source (36). 

8. The electronic flash (10) as defined In claim 7, 
wherein the adjusting device comprises: 

a color temperature setting device (28) that 
manually sets a color temperature of the elec- 
tronic flash light; and 

a light emission control device (54) that controls 
a cobr temperature of the electronic flash light 
to the color temperature set by the color tem- 
perature setting device (28). 

9. The electronic flash (10) as defined in claim 7, 
wherein the adjusting device comprises: 

a color temperature determining device (21) 
that determines a color temperature of subject 
light; and 

a light emission control device (54) that controls 
a color temperature of the electronic flash light 
to the color temperature determined by the 
color temperature determining device (21). 

10. The electronic flash (10) as defined in claim 9, 
wherein the color temperature determining device 
(21 ) has determining devices (24) that convert color 
components of the subject light into electric signals 
and determines the color temperature of the subject 
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light according to a ratio between determination sig- 
nals of the determining devices (24). 

11. The electronic flash (10) as defined in claim 9, 
wherein the color temperature determining device s 
(21 Jdeterminesthecolortemperatureof the subject 
light according to color image signals of a subject 
image captured by an imaging device of the cam- 
era. 

10 

12. The electronic flash (10) as defined In claim 7, 
wherein the electronic flash light source (36) com- 
prises a light emitting device (38, 91 ) of which R, G 
and B light amounts are separately controlled. 

13. The electronic flash (10) as defined in claim 12, 
wherein the light emitting device (38, 91 ) comprises 
one of a light emitting diode (38), an organic elec- 
troluminescence light emitting device (91 ) and a 
plasma light emitting device. 20 

14. The electronic flash (10) as defined In claim ^.fur- 
ther comprising: 

a capacitor (44) with a large capacity that Is 25 
charged by a battery (40), 
wherein the adjusting device supplies the elec- 
tric energy from the capacitor (44) to the light 
emitting device (38, 91). 

30 

15. The electronic flash (10) as defined In claim 12, fur- 
ther comprising: 

a temperature sensor (56) that determines a 
peripheral temperature of the light emitting de- 35 
vice (38, 91), 

wherein the adjusting device controls the elec- 
tric energy to obtain a desired light emission 
amount according to the peripheral tempera- 
ture determined by the temperature sensor 40 
(56). 

16. The electronic flash (10) as defined in claim 12, 
wherein the adjusting device adjusts the color tem- 
perature of the electronic flash light by controlling 45 
ratios between the R, G and B light amounts of the 
light emitting device (38, 91). 

17. The electronic flash (10) as defined in claim 12, 
wherein the light emitting device (38, 91 ) comprises so 
R, G and B light emitting devices (38R, 38G and 
38B). 

18. The electronic flash (10) as defined In claim 17, 
wherein the adjusting device controls the ratios be- ss 
tween the light emitting amounts from the R, G and 

B light emitting devices (38R, 38G and 38B) by sep- 
arately turning on and off the R, G and B light emit- 



ting devices (38R, 38G and 38B). 

19. The electronic flash (10) as defined In claim 18, 
wherein the adjusting device comprises: 

a light adjusting sensor (34) that determines 
one of an amount of reflected light from a sub- 
ject emitted from one of the R, G and B light 
emitting devices (38R, 38G and 38B) of which 
light emitting amount is smallest among the R, 
G and B light emitting devices (38R, 38G and 
38B) and an amount of reflected light from the 
subject emitted from the R, G and B light emit- 
ting devices (38R, 38G and 38B); 
a first light emission controlling device (52) that 
stops light emission of the one of the R, G and 
B light emitting devices (38R, 38G and 38B) 
when the one of the amounts determined by the 
light adjusting sensor (34) reaches a predeter- 
mined reference value according to the ratios 
between the light emitting amounts from the R, 
G and B light emitting devices (38R, 38G and 
3BB); 

a measuring device (52) that measures a light 
emitting time of the one of the R, G and B light 
emitting devices (38R. 38G and 38B); 
a calculating device (52) that calculates light 
emitting times of others of the R, G and B light 
emitting devices (38R, 38G and 38B) according 
to the light emitting time measured by the 
measuring device (52) and the ratios between 
the light emitting amounts from the R, G and B 
light emitting devices (38R, 38G and 38B); and 
a second light emission controlling device (52) 
that stops light emission of the others of the R, 
G and B light emitting devices (38R, 38G and 
38B) according to the light emitting times cal- 
culated by the calculating device (52). 

20. The electronic flash (10) as defined in claim 18, 
wherein the adjusting device comprises: 

a device (61 , 62 and 63) that turns on and off 
the R, G and B light emitting devices (38R, 38G 
and 38B) with duty ratios corresponding to the 
ratios between the light emitting amounts from 
the R, G and B light emitting devices (38R, 38G 
and 38B); 

a light adjusting sensor (34) that determines an 
amount of reflected light from a subject emitted 
from the R, G and B light emitting devices (38R, 
38G and 38B); and 

a light emission controlling device (52) that 
stops light emission of the R, G and B light emit- 
ting devices (38R, 38G and 38B) when the 
amount determined by the light adjusting sen- 
sor (34) reaches a predetermined reference 
value. 
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21. The electronic flash (10) as defined In claim 18. 
wherein the adjusting device comprises: 

a device that turns on and off R, G and B light 
emitting devices (38R, 38G and 38B) of num- s 
bers according to the ratios between the light 
emitting amounts from the R, G and B light emit- 
ting devices (38R, 38G and 38B); 
a light adjusting sensor (34) that determines an 
amount of reflected light from a subject emitted 10 
from the R, G and B light emitting devices (38R, 
38G and 38B); and 

a light emission controlling device (52) that 
stops light emission of the R, G and B light emit- 
ting devices when the amount determined by »s 
the light adjusting sensor (34) reaches a pre- 
determined reference value. 

22. The electronic flash (10) as defined in claim 7, 
wherein the electronic flash light source comprises: 20 

a white light source (93) that emits white elec- 
tronic flash light; and 

color filters (94) that are arranged movably in 
front of the white light source (93), & 
wherein the adjusting device adjusts the color 
temperature of the electronic flash light by mov- 
ing at least one of the color filters (94) in front 
of the white light source (93). 

30 

23. An electronic camera (1 00) that stores color image 
signals of a subject Image captured with a taking 
lens (110) and an Imaging device (114), the elec- 
tronic camera (100) comprising: 

35 

a color temperature determining device (24) 
that determines a color temperature of subject 
light before a shooting; 

an electronic flash light source (38) that emits 
electronic flash light; *° 
an automatic white balance correcting device 
(1 30) that corrects a white balance of the color 
image signals according to the color tempera- 
ture determined by the color temperature de- 
termining device (24) at the shooting irrespec- 45 
tive of light emission of the electronic flash light 
source (38); and 

an adjusting device that adjusts a color temper- 
ature of the electronic flash light to the color 
temperature determined by the color tempera- so 
ture determining device (24). 

24. The electronic camera (100) as defined in claim 23, 
wherein the color temperature determining device 
(24) determines the color temperature of the subject ss 
light from the color Image signals of the subject Im- 
age captured with the taking lens (11 0) and the im- 
aging device (114). 



25. An electronic camera (100) that stores color Image 
signals of a subject Image captured with a taking 
lens (110) and an Imaging device (114), the elec- 
tronic camera (100) comprising: 

a color temperature determining device (24) 
that determines a color temperature of subject 
light; 

a recording device (25) that records at least one 
color temperature determined by the color tem- 
perature determining device (24); 
a designating device (23) that reads the color 
temperature recorded in the recording device 
(25); 

an automatic white balance correcting device 
( 1 30) that corrects a white balance of the color 
image signals according to the color tempera- 
ture read by the designating device (23); 
an electronic flash light source (36) that emits 
electronic flash light; and 
an adjusting device that adjusts a color temper- 
ature of the electronic flash light to the color 
temperature read by the designating device 
(23). 

26. The electronic camera (100) as defined in claim 25, 
wherein the color temperature determining device 
(24) determines the color temperature of the subject 
light from the color Image signals of the subject Im- 
age captured with the taking lens (110) and the im- 
aging device (114). 

27. A light emitting head (190), comprising: 

an optical member (192) that is one of a polyg- 
onal prism and a cylinder; 
a light emitting device array (193) provided on 
a side of the optical member (192); and 
a reflecting mirror (194) provided on at least a 
bottom of the optical member (192), 
wherein the light emitting device array (193) 
emits light out of the optical member (192) 
through a top of the optical member (192). 
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(54) Electronic flash, electronic camera and light emitting head 



(57) R, G and B LEDs (38R, 38G and 38B) are used 
as a light source of an electronic flash. Electric energy 
is supplied to a capacitor (44) to the LEDs (38R, 38G 
and 38B). Asystem controller (52) controls light emitting 
amounts of the LEDs (38R, 38G and 38B) so that a color 



temperature of the electronic flash light becomes a color 
temperature that has been manually set with a color 
temperature setting switch (28) or a color temperature 
of a light source determined by color temperature sen- 
sors (24). 
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The Search Division considers thai the present European patent application does not comply with the 
requirements of unity oJ invention and relates to several inventions or groups of inventions, namely: 

1. claims: 1-6 

An electronic flash unit comprising: 

- a flash light source comprising a LED and 

- a control device which supplies electric energy to said 
LED. 



2. claims: 7-22 

An electronic flash unit comprising: 

- a flash light source and 

- an adjusting device that adjust the color temperature of 
the light emitted by the flash light source. 



3. claims: 23-26 

An electronic color camera comprising: 

- an electronic flash light; 

- an automatic white balance correcting device; 

- a color temperature determining device and 

- an adjusting device that adjust the color temperature of 
the flash light. 



Light emitting head comprising: 

- an optical member with a mirror and 

- a light emitting array provided on a side of the optical 
member so that the light 1s emitted through the top of the 
optical member. 
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